Nanocrystalline thin films of La 0.67 Ba 0.33 (Mn 1− Al )O 3 ( = 0.00, 0.05, 0.10, and 0.15) were prepared by sol-gel method, as a starter material consisting of La 2 O 3 , BaNO 3 , Mn(NO 3 ), and Al(NO 3 ). The molarities of La 2 O 3 and BaNO 3 are constant, while molarities of Mn(NO 3 ) and Al(NO 3 ) were calculated based on stoichiometric theory. Thin films were deposited on quartz glass substrate by using spin coating technique and sintered at 700 ∘ C. X-ray diffractometer (XRD) patterns showed that these thin films consist of pure La 0.67 Ba 0.33 (Mn 1− Al )O 3 phase where the most prominent peak is observed at (104). All the samples display a rhombohedral structure. Scanning electron microscopy (SEM) showed that aggregation of small particles occurred more in doped films than in undoped films. The surface morphology has been studied by using AFM, and the roughness of thin films was analyzed.
Introduction
LnMnO, oxides with the structure of perovskite type, are usually an antiferromagnetic semiconductor or insulator. If the trivalent rare earth element is partially doped with the divalent alkaline earth element, the doped manganese oxides RE 1− A MnO (Ln: the trivalent rare earth elements, A: Ca, Sr, Ba) are formed with novel and rich physical phenomena since the discovery of colossal magnetoresistance (CMR) [1] [2] [3] . RE 1− A MnO is known as parent compound which is antiferromagnetic. By doping with other divalent ions, it can be changed into a metallic ferromagnetic state due to the conversion of proportional number of Mn 3+ to Mn 4+ via the oxidation process [4] . This process was known as double exchange (DE) mechanism that was reported by Zener [5] . The physical properties of these perovskite manganites are mostly investigated in a bulk form, single crystal [6] , and thin or thick film [7] . The electrical and magnetic transport of film forms are of special interest than the other forms due to the large magnetoresistance (MR) effect. This finding also has been reported by Zou [8] where the newest patterning technologies of magnetic thin films have a great effect on application of new micron electromagnetism devices. It gives the potential technological usefulness such as sensor, magnetic recording applications, and also development of spin electronic devices [9, 10] . Among the various La-based perovskite manganites, La 1− Ba MnO 3 , especially the La 0.67 Ba 0.33 MnO 3 film form, are of great interest because of their Curie temperature which can reach up to 360K [3] . The manganese oxide not only shows a metallic conduction below Curie temperature , but also enhances the ferromagnetic interaction when La 3+ ions are replaced with alkaline earth elements or known as divalent metal ion (Ca 2+ , Sr 2+ , Ba 2+ ) in perovskite oxide structures [11] . By comparing the substitutions of divalent alkaline earth elements, A at the rare earth elements, Ln site will not change the interaction of Mn 3+ -O-Mn 4+ can produced more complicated interaction between Mn ions with other dopants element [12] . Other than that, the distortation of JahnTeller might give an effect to the transport properties where by removing the double-degeneracy of Mn in orbital, that will provide a mechanism for coupling between lattice degrees of freedom, electronic and magnetic [13] 3 , and Mn(NO 3 ) were used as a starter material which acted as parent compound, and Al(NO 3 ) was doped into the parent compound. The molarities for La 2 O 3 and BaNO 3 were fixed, while molarities for Mn(NO 3 ) and Al(NO 3 ) were calculated by following the stoichiometric. The starter material was dissolved with deionized water to produce a clear solution. AlO 2 was added into parent compound by dissolving ammonium (NH 4 ) and ethylenediaminetetraacetic acid (EDTA). The solutions with concentrations of = 0.00, 0.05, 0.10, and 0.15 were separated in different beakers. Each beaker contained 30 mL of LBMAO solution. Each beaker was heated with 95 ∘ C-105 ∘ C for 2 hours. Magnetic bar was used to expedite the process of materials to dissolve. After that, the LBMAO solution was deposited on a clean quartz substrate using spin coating in order to form the film. Each layer was deposited with 1500 rpm for 30 seconds. All the films were dried on the hot plate with 80 ∘ C-90 ∘ C. In order to get a good structure, the films were annealed using furnace tube (Carbolite, CTF 12/75/700) at 700 ∘ C. Each of the films were annealed for 1 hour with heating rate and cooling rate 1 ∘ C/min. The finished film was analyzed using X-ray diffractometer (XRD) at room temperature using Cu-K radiation, scanning electron microscopy (SEM), and atomic force microscope (AFM).
Results and Discussions
The films of X-ray diffraction (XRD) spectrums for selected La 0.67 Ba 0.33 (Mn 1− Al )O 3 system are shown in Figure 1 . It shows that the peaks have been observed at (104) and (024) peaks, and the most prominent peak is given by the (104) peak. It is observed that samples = 0.00 to = 0.05 have clean phase pattern, while samples = 0.15 exhibit an unknown peak at 41 ∘ . Observation of secondary phases in XRD is due to the incorporation of Al in Mn site when its intensity gradually increased with the increasing of Al content. All the samples are in rhombohedral distortion perovskite structure. By increasing Al concentration, the intensity of peak (104) was found to be shifted to the right. This is because the radius of Al 3+ is smaller as compared to either Mn 3+ or Mn 4+ . The difference in size induces a compressive strain in the lattice which might cause a decrease in the lattice parameters. According to Li et al. [14] , the orbital degeneracy leads to a Jahn-Teller instability, which caused the oxygen octahedral to distorted and lower its site symmetry to orthorhombic and thus remove an orbital degeneracy.
From the XRD spectra, crystal size can been calculated using the Scherrer formula [15] : where the constant depends on the shape of the grain size, = FWHM, is the wavelength of the Cu-K radiation, and is the glancing angle. The grain size of the sample is found in Table 1 , by considering that the grains are circular in shape. This calculated result is, however, not exactly the same as the value of the obtained grain size from the scanning electron micrograph of the sample (see Figure 2) . According to the micrograph, grain size ranges from 22 nm to 36 nm; some are even bigger. The grain growths of different sizes could be because we have not shivered the composition during its synthesis [4] .
Morphology of La 0.67 Ba 0.33 (Mn 1− Al )O 3 ( = 0.00, 0.05, 0.10, and 0.15) films' surface was analyzed using SEM to observe the surface roughness of the thin film. The captured images of the thin film during SEM are shown in Figures 2(a)-2(d) . The picture with 20 K times bigger shows the different surface structure with increasing concentration. The addition of Al to the parent compound will increase the magnetic isolation of magnetic films with a small grain size [16] . Figure  2(a) shows the nanoparticle seen rarely on surface of substrate without any doped materials. By increasing the concentration of the doped material, it is seen that the nanoparticle was tight together and the size of particle became smaller. Comparison is shown in Figure 2 (a) where it is proven that different types of crystallite can be identified on the composites after doping as shown in Figures 2(b)-2(d) [17] . system, substitution of Al 3+ ions for Mn 3+ site led to grain growth inhibition, Lanthanum segregation, and second phase formation. Similar observations have been reported [18] , for compound of Pr 6 O 11 substituted (La 1− Pr ) 1/2 Ba 1/2 MnO 3 . The reduction of size and connectivity between the particles are clearly seen, as the samples are doped for several concentrations. This can be seen from the SEM micrographs, where the grains size decreases as the level of porosity increases. The film texture of as deposited films, as observed by AFM (Figure 4 ), shows that with increasing dopant concentration, texture of sample becomes rougher. The AFM results reveal that pure LBMAO film has an value of only 17.982 nm, and increasing dopant concentration will result in a slight increment in value. It also reveals that the value will increase drastically after calcination process as observed in Figure 4 , especially at heavy doped LBMAO films. The values of as deposited films are listed in Table 2 . The value of undoped LBMAO does not undergo any change and has value of 17.982 nm. From Table 2 , it is observed that the surface roughness increased as we increase the concentration of the doping [19] , while the grain sizes decreased.
Conclusion
Nanocrystalline La 0.67 Ba 0.33 (Mn 1− Al )O 3 ( = 0.00, 0.05, 0.10, and 0.15) thin films were successfully prepared by solgel method, and their structural and magnetic properties have been investigated. X-ray diffractometer (XRD) patterns exhibit the most prominent peaks observed at (104) and (024). All samples display the rhombohedral structure. The surface becomes more compact, and the particles size becomes smaller as the doping concentration is increased as viewed through SEM images. The structures of nanoparticle became more tight and smaller by increasing the concentration. High average roughness of surface texture had been obtained by Al light doped into LBMAO structure. Average roughness ( ) of ∼138 nm had been obtained for LBMAO for sample = 0.15.
